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(54) Tool and method for scarfing a wind turbine rotor blade segment

(57) Tools 100 and methods are provided for scarfing
rotor blade segments 20. A rotor blade segment 20 in-
cludes a pressure side 32 and a suction side 34. A tool
100 includes a first guide 40 configured for mounting on
one of the pressure side 32 or the suction side 34, the
first guide 110 including a first curved rail 120 and a sec-
ond curved rail 122 spaced from the first curved rail 120.
The tool 100 further includes a second guide 112 movably

coupled to the first guide 110 at a scarf angle 80, the
second guide 112 including a guide rail 130 extending
between and movable along the first curved rail 120 and
the second curved rail 122. The tool 100 further includes
a cutting device 104 movably coupled to the second guide
112, the cutting device 104 movable along the guide rail
130 and operable to remove material from the one of the
pressure side 32 or the suction side 34.
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Description

[0001] The present disclosure relates generally to rotor
blades for wind turbines, and more particularly to tools
and methods for scarfing rotor blade segments.
[0002] Wind power is considered one of the cleanest,
most environmentally friendly energy sources presently
available, and wind turbines have gained increased at-
tention in this regard. A modern wind turbine typically
includes a tower, generator, gearbox, nacelle, and one
or more rotor blades. The rotor blades capture kinetic
energy of wind using known foil principles. The rotor
blades transmit the kinetic energy in the form of rotational
energy so as to turn a shaft coupling the rotor blades to
a gearbox, or if a gearbox is not used, directly to the
generator. The generator then converts the mechanical
energy to electrical energy that may be deployed to a
utility grid.
[0003] The size, shape, and weight of rotor blades are
factors that contribute to energy efficiencies of wind tur-
bines. An increase in rotor blade size increases the en-
ergy production of a wind turbine, while a decrease in
weight also furthers the efficiency of a wind turbine. Fur-
thermore, as rotor blade sizes grow, extra attention
needs to be given to the structural integrity of the rotor
blades. Presently, large commercial wind turbines in ex-
istence and in development are capable of generating
from about 1.5 to about 12.5 megawatts of power. These
larger wind turbines may have rotor blade assemblies
larger than 90 meters in diameter. Additionally, advances
in rotor blade shape encourage the manufacture of a for-
ward swept-shaped rotor blade having a general arcuate
contour from the root to the tip of the blade, providing
improved aerodynamics. Accordingly, efforts to increase
rotor blade size, decrease rotor blade weight, and in-
crease rotor blade strength, while also improving rotor
blade aerodynamics, aid in the continuing growth of wind
turbine technology and the adoption of wind energy as
an alternative energy source.
[0004] As the size of wind turbines increases, particu-
larly the size of the rotor blades, so do the respective
costs of manufacturing, transporting, and assembly of
the wind turbines. The economic benefits of increased
wind turbine sizes must be weighed against these fac-
tors. For example, the costs of pre-forming, transporting,
and erecting a wind turbine having rotor blades in the
range of 90 meters may significantly impact the economic
advantage of a larger wind turbine.
[0005] One known strategy for reducing the costs of
pre-forming, transporting, and erecting wind turbines
having rotor blades of increasing sizes is to manufacture
the rotor blades in blade segments. The blade segments
may be assembled to form the rotor blade after, for ex-
ample, the individual blade segments are transported to
an erection location. Further, in many cases where in-
creased rotor blade sizes are desired, it may be desirable
to increase the lengths of existing rotor blades. For ex-
ample, an existing rotor blade may be divided into seg-

ments, and an insert may be provided between neigh-
boring segments to increase the length of the segments.
[0006] In particular, one known method for joining rotor
blade segments is through scarfing of neighboring blade
segments to create tapered or angled joint faces on the
blade segments. An insert may then be provided between
the blade segments having mating joint faces. The joint
faces may be joined together to create scarf joints, con-
necting the neighboring blade segments and insert. How-
ever, known methods and apparatus for scarfing rotor
blade segments may have a variety of disadvantages.
For example, a key factor in creating a strong scarf joint
is the geometry of the mating joint faces. Scarf joints cre-
ated in rotor blade segments must thus account for both
the desired scarf angle and the curvature of the rotor
blade segment. One current approach to scarfing a rotor
blade segment is to manually grind a surface of the rotor
blade to the desired angle. However, such manual ap-
proaches are inaccurate, leading to relatively weaker
scarf joints, and are further time-consuming and thus
costly. Other current approaches to scarfing rotor blade
segments require the use of CNC machines. However,
such approaches require prohibitively high capital costs,
and are complex to program to adapt to the requirements
of individual rotor blade segments.
[0007] Accordingly, improved methods and apparatus
for scarfing rotor blade segments are desired in the art.
In particular, methods and apparatus that accurately ac-
count for desired scarf angles and rotor blade segment
curvatures would be advantageous. Further, methods
and apparatus that provide such accuracy efficiently and
at relatively low costs would be desired.
[0008] Various aspects and advantages of the inven-
tion will be set forth in part in the following description,
or may be clear from the description, or may be learned
through practice of the invention.
[0009] In one embodiment, a tool is provided for scar-
fing a rotor blade segment. The rotor blade segment in-
cludes a pressure side, a suction side, a leading edge,
and a trailing edge each extending between a first end
and a second end. The tool includes a first guide config-
ured for mounting on one of the pressure side or the
suction side, the first guide including a first curved rail
and a second curved rail spaced from the first curved
rail. The first curved rail and the second curved rail each
have a curvature that generally corresponds to a curva-
ture of the one of the pressure side or the suction side.
The tool further includes a second guide movably cou-
pled to the first guide at a scarf angle, the second guide
including a guide rail extending between and movable
along the first curved rail and the second curved rail. The
tool further includes a cutting device movably coupled to
the second guide, the cutting device movable along the
guide rail and operable to remove material from the one
of the pressure side or the suction side.
[0010] In another embodiment, a method for scarfing
a rotor blade segment is provided. The method includes
moving a cutting device on a frame along a chord-wise
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axis of a rotor blade segment. The rotor blade segment
includes a pressure side, a suction side, a leading edge,
and a trailing edge each extending between a first end
and a second end. Movement along the chord-wise axis
occurs generally along a curvature of the one of the pres-
sure side or the suction side. The method further includes
moving the cutting device on the frame along a span-
wise axis of the rotor blade segment at a scarf angle, and
operating the cutting device during movement along the
span-wise axis to remove material from the one of the
pressure side or the suction side.
[0011] Various features, aspects and advantages of
the present invention will become better understood with
reference to the following description and appended
claims. The accompanying drawings, which are incorpo-
rated in and constitute a part of this specification, illustrate
embodiments of the invention and, together with the de-
scription, serve to explain the principles of the invention.
In the drawings:

FIG. 1 is a perspective view of a known wind turbine
according to one embodiment of the present disclo-
sure;

FIG. 2 is a perspective view of a wind turbine rotor
blade according to one embodiment of the present
disclosure;

FIG. 3 is a perspective view of a portion of a rotor
blade segment before scarfing according to one em-
bodiment of the present disclosure;

FIG. 4 is a perspective view of a portion of the rotor
blade segment of FIG. 3 after scarfing according to
one embodiment of the present disclosure;

FIG. 5 is a perspective view of a portion of a rotor
blade segment before scarfing according to another
embodiment of the present disclosure;

FIG. 6 is a perspective view of a portion of the rotor
blade segment of FIG. 5 after scarfing according to
another embodiment of the present disclosure;

FIG. 7 is a perspective view of a tool mounted to an
outer surface of a pressure side of a rotor blade seg-
ment according to one embodiment of the present
disclosure;

FIG. 8 is a side view of a tool mounted to an outer
surface of a pressure side of a rotor blade segment
according to one embodiment of the present disclo-
sure; and

FIG. 9 is a perspective view of a tool mounted to an
inner surface of a suction side of a rotor blade seg-
ment according to one embodiment of the present
disclosure.

[0012] Reference now will be made in detail to embod-
iments of the invention, one or more examples of which
are illustrated in the drawings. Each example is provided
by way of explanation of the invention, not limitation of
the invention. In fact, it will be apparent to those skilled
in the art that various modifications and variations can
be made in the present invention without departing from
the scope or spirit of the invention. For instance, features
illustrated or described as part of one embodiment can
be used with another embodiment to yield a still further
embodiment. Thus, it is intended that the present inven-
tion covers such modifications and variations as come
within the scope of the appended claims and their equiv-
alents.
[0013] FIG. 1 illustrates a wind turbine 10 of conven-
tional construction. The wind turbine 10 includes a tower
12 with a nacelle 14 mounted thereon. A plurality of rotor
blades 16 are mounted to a rotor hub 18, which is in turn
connected to a main flange that turns a main rotor shaft,
as discussed below. The wind turbine power generation
and control components are housed within the nacelle
14. The view of FIG. 1 is provided for illustrative purposes
only to place the present invention in an exemplary field
of use. It should be appreciated that the invention is not
limited to any particular type of wind turbine configuration.
[0014] Referring to FIG. 2, one embodiment of a rotor
blade 16 in accordance with the present disclosure is
shown. The rotor blade 16 may include a plurality of in-
dividual blade segments 20 aligned in an end-to-end or-
der from a blade tip 22 to a blade root 24. Each of the
individual blade segments 20 may be uniquely configured
so that the plurality of blade segments 20 define a com-
plete rotor blade 16 having a designed aerodynamic pro-
file, length, and other desired characteristics. For exam-
ple, each of the blade segments 20 may have an aero-
dynamic contour that corresponds to the aerodynamic
contour of adjacent blade segments 20. Thus, the aero-
dynamic contours of the blade segments 20 may form a
continuous aerodynamic contour of the rotor blade 16.
[0015] In general, the rotor blade 16, and thus each
blade segment 20, may include a pressure side 32 and
a suction side 34 extending between a leading edge 36
and a trailing edge 38. Additionally, the rotor blade 16
may have a span 42 extending along a span-wise axis
43 and a chord 44 extending along a chord-wise axis 45.
The chord 44 may change throughout the span 42 of the
rotor blade 16. Thus, a local chord may be defined at any
span-wise location on the rotor blade 16 or any blade
segment 20 thereof.
[0016] The rotor blade 16 may, in exemplary embodi-
ments, be curved. Curving of the rotor blade 16 may entail
bending the rotor blade 16 in a generally flapwise direc-
tion and/or in a generally edgewise direction. The flap-
wise direction is a direction substantially perpendicular
to a transverse axis through a cross-section of the widest
side of the rotor blade 16. Alternatively, the flapwise di-
rection may be construed as the direction (or the opposite
direction) in which the aerodynamic lift acts on the rotor
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blade 16. The edgewise direction is perpendicular to the
flapwise direction. Flapwise curvature of the rotor blade
16 is also known as pre-bend, while edgewise curvature
is also known as sweep. Thus, a curved rotor blade 16
may be pre-bent and/or swept. Curving may enable the
rotor blade 16 to better withstand flapwise and edgewise
loads during operation of the wind turbine 10, and may
further provide clearance for the rotor blade 16 from the
tower 12 during operation of the wind turbine 10.
[0017] As discussed, FIG. 2 illustrates a plurality of
blade segments 20 forming a rotor blade 16. In the em-
bodiment shown, one blade segment 20 extends from
the root 14, while a neighboring blade segment 20 ex-
tends from the tip 22. It should be understood, however,
that a rotor blade 16 according to the present disclosure
may have any suitable number of blade segments 20,
such as two, three, four or more. Each blade segment
20, and each of the pressure side 32, suction side 34,
leading edge 36, and trailing edge 38 thereof, may extend
between a first end 50 and a second end 52 as shown.
The first end 50 and/or second end 52 may be the tip 22
and/or root 24, or any other suitable location on the rotor
blade 16 between the tip 22 and root 24.
[0018] As further shown in FIG. 2, an insert 60 may be
disposed between neighboring blade segments 20 in a
rotor blade 16, and may join the blade segments 20 to-
gether. In exemplary embodiments, and as discussed in
detail below, the insert 60 may be joined to each blade
segment 20 through a scarf joint. Thus, a portion of a
rotor blade segment 20 may be scarfed, or angled or
taped, to form a joint face, and the insert 60 may have a
mating joint face. The joint faces may be connected and
fastened together to form the scarf joint.
[0019] FIGS. 3 and 5 illustrate various embodiments
of a blade segment 20 before scarfing. As shown and as
discussed above, the blade segment 20 includes a pres-
sure side 32, a suction side 34, a leading edge 36, and
a trailing edge 38 each extending between a first end 50
and a second end 52. Further, the rotor blade segment
20 includes an inner surface 70 and an outer surface 72.
The pressure side 32, suction side 34, leading edge 36,
and trailing edge 38 each include and define the inner
surface 70 and outer surface 72. A blade segment 20
may further include one or more spar caps 74, such as
a spar cap coupled to the pressure side 32 and a spar
cap coupled to the suction side 34, as shown. A shear
web 76 may extend between the spar caps 74.
[0020] In some embodiments, as shown in FIG. 5, a
cutaway portion 78 of one of the pressure side 32 or the
suction side 34, such as the pressure side 32 in the em-
bodiment shown, is shown. In these embodiments, a por-
tion of the one of the pressure side 32 or the suction side
34 is cut away from the blade segment 20 to provide
access to an inner surface 70 of the other of the pressure
side 32 or suction side 34, as discussed below, thus de-
fining a cutaway portion 78.
[0021] FIGS. 4 and 6 illustrate various embodiments
of a blade segment 20 after scarfing. As shown, a portion

or portions of the pressure side 32 and suction side 34
are scarfed at a scarf angle 80 (see FIG. 8). The scarf
angle 80 may be any suitable angle for creating a scarf
joint, such as in some embodiments between approxi-
mately 1 degree and approximately 5 degrees, or in other
embodiments between approximately 1 degree and ap-
proximately 3 degrees. Such scarfing 80 creates joint
faces 82 that may be utilized to join the blade segment
20 to, for example, an insert 60 or other blade segment
20. In some embodiments, for example, scarfing 80 may
remove material from a portion of the pressure side 32
or suction side 34 that is coupled to a spar cap 74. Thus,
a resulting joint face 82 may be a portion of the pressure
side 32 or suction side 34 that is coupled to the spar cap
74. In other embodiments, scarfing 80 may remove ma-
terial from a portion of the pressure side 32 or suction
side 34 that is located between the spar caps 74 and the
trailing edge 38 along the chord-wise axis 45. This loca-
tion may be a location of "biax" (bi-axial composite) ma-
terial forming a portion of the pressure side 32 and/or
suction side 34. Thus, a resulting joint face 82 may be a
portion of the pressure side 32 or suction side 34 that is
between the spar caps 74 and the trailing edge 38 and/or
formed from a biax material.
[0022] FIGS. 7 through 9 illustrate various embodi-
ments of a tool 100 utilized to accurately and efficiently
scarf a rotor blade segment 20. Tools 100 according to
the present disclosure accurately account for both the
scarf angle 80 and the curvature of the rotor blade 16,
such as of the inner and outer surface 70, 72 thereof.
Further, use of such tools 100 is efficient and inexpen-
sive.
[0023] As shown, a tool 100 according to the present
disclosure includes a frame 102 and a cutting device 104.
The frame 102 generally facilitates movement of the cut-
ting device 104 in various directions with respect to a
surface of the pressure side 32 or suction side 34. For
example, as discussed below and as shown in FIGS. 7
through 9, the frame 102 may in exemplary embodiments
facilitate movement of the cutting device along the chord-
wise axis 45 and span-wise axis 43. Further, the frame
102 may account for both the desired scarf angle 80 and
the curvature of the one of the pressure side 32 or suction
side 34 on which the frame 102 is mounted, thus facili-
tating accurate scarfing by the cutting device 104. For
example, movement of the cutting device 104 on the
frame 102 may generally be along the curvature of the
surface of the one of the pressure side 32 or suction side
34 and/or at the scarf angle 80, as discussed below.
[0024] In exemplary embodiments, as shown, the
frame 102 comprises a first guide 110 and a second guide
112. The first guide 110, and thus the tool 100 in general,
may be configured for mounting on one of the pressure
side 32 or the suction side 34. For example, FIGS. 7 and
8 illustrate a first guide 110 mounted on the outer surface
72 of the pressure side 32 of a blade segment 20. FIG.
9 illustrates a first guide 110 mounted on the inner surface
74 of the suction side 34 of a blade segment 20. In other
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embodiments, a first guide 110 could be mounted on the
inner surface 74 of the pressure side 32, or the outer
surface 72 of the suction side 34.
[0025] In exemplary embodiments, the first guide 110
may be generally mounted to the rotor blade segment 20
such that it is stationary on the rotor blade segment 20.
For example, the first guide 110 may be clamped or oth-
erwise affixed to the rotor blade segment 20 during the
scarfing process. Clamps 115, for example, may be uti-
lized to mount the first guide 110 in a stationary position.
[0026] Further, in some embodiments, the first guide
110 may be mounted on the rotor blade segment 20 in
a position such that operation of the cutting device 104
may remove material from the portion of the one of the
pressure side 32 or suction side 34 that is coupled to a
spar cap 74. Thus, in these embodiments, the area de-
fined by the first guide 110, when mounted on the rotor
blade 20, may encompass at least a portion of the rotor
blade segment 20 that is coupled to the spar cap 74.
Operation of the cutting device 104 may be within the
area defined by the first guide 110, and specifically the
curved rails as discussed below. In other embodiments,
the first guide 110 may be mounted on the rotor blade
segment 20 in a position such that operation of the cutting
device 104 may remove material from another portion of
the one of the pressure side 32 or suction side 34, such
as a portion formed from biax and/or between the spar
caps 74 and trailing edge 38, or another suitable portion.
[0027] The first guide 110 may include a first curved
rail 120 and a second curved rail 122. The second curved
rail 122 may be spaced apart from the first curved rail
120. Both rails 120, 122 may have a curvature that gen-
erally corresponds to a curvature of the one of the pres-
sure side 32 or suction side 34 to which the tool 100 is
mounted, such as of the outer or inner surface 72, 70
thereof. For example, as shown, a bottom surface of the
first rail 120 may contact and generally be flush with the
outer or inner surface 72, 70 on which it is mounted, and
a top surface of the rail 120 may have a corresponding
curvature. In some embodiments, the second rail 122
may similarly have a curvature such that it contacts and
is generally flush with the rotor blade segment 20. In other
embodiments, as shown, the second rail 122 may over-
hang the rotor blade segment 20. In these embodiments,
the top and/or bottom surfaces of the second rail 122
may have a curvature that generally corresponds to the
curvature of the outer or inner surface 72, 70 adjacent to
the second rail 122. Such curvature of the rails 120, 122
may facilitate scarfing that accounts for the curvature of
the blade segment 20.
[0028] In exemplary embodiments as shown, the rails
120, 122 are generally parallel. Further, in exemplary em-
bodiments, the rails 120, 122 are oriented along the
chord-wise axis 45 of the rotor blade segment 20. In these
embodiments, the rails 120, 122 may thus, for example,
have curvatures that correspond to the outer or inners
surface 72, 70 at spaced apart locations along the chord-
wise axis 45.

[0029] As further shown, the first guide 110 may further
include one or more connector rails 124. The connector
rails 124 may connect the first and second curved rails
120, 122 together and maintain the orientation of the rails
120, 122 with respect to each other, as required.
[0030] As discussed, the frame 102 may further include
a second guide 112. The second guide 112 may generally
by movably coupled to the first guide 110. For example,
in exemplary embodiments, the second guide 112 may
be slidable along the first guide 110. As shown, for ex-
ample, the second guide 112 may include one or more
guide rails 130. Each guide rail 130 may extend between
and move along the first and second curved rails 120,
122. For example, as shown, the guide rails 130 may sit
on the top surfaces of the rails 120, 122 and slide along
the top surfaces as shown.
[0031] In exemplary embodiments as shown, the guide
rails 130 may be generally transverse to the curved rails
120, 122. For example, in some embodiments wherein
the curved rails 120, 122 extend along the chord-wise
axis 45, the guide rails 130 may be oriented and extend
along the span-wise axis 143. In further exemplary em-
bodiments as shown, the second guide 112, and the
guide rails 130 thereof, may move along the chord-wise
axis 45. This may be due, for example, to the orientation
of the curved rails 120, 122 along the chord-wise axis 45.
[0032] As further shown in FIGS. 7 through 9, the sec-
ond guide 112 may be movably coupled to the first guide
110 at the scarf angle 80. For example, as shown in FIG.
8, the second curved rail 122 is offset from the first curved
rail 120 such that the distance between the rails and
height difference between the top surfaces of the rails
defines the desired scarf angle 80. The second guide
112 may be movably coupled to the first guide 110 at the
scarf angle 80 by, in these embodiments for example,
resting the guide rails 130 on the offset top surfaces of
the curved rails 120, 122. In any event, the guide rails
130 may, through coupling of the second guide 112 to
the first guide 110, extend between the first curved rail
120 and the second curved rail 122 at the scarf angle 80.
Such orientation of the second guide 122 at the scarf
angle 80 facilitates scarfing at the scarf angle 80.
[0033] As discussed, a tool 100 according to the
present disclosure further includes a cutting device 104.
As shown in FIGS. 7 through 9, the cutting device 104
may be movably coupled to the second guide 112. Such
movable coupling allows the cutting device 104 to move,
such as slide, along the guide rail(s) 130. The cutting
device 104 may further be operable to remove material
from the one of the pressure side 32 or suction side 34
on which the tool 100 is mounted. Movement of the cut-
ting device 104 along the guide rail(s) 130 when the de-
vice 104 is operating may thus cause material to be re-
moved at the scarf angle 80, due to the orientation of the
guide rail(s) 130 at the scarf angle 80.
[0034] In exemplary embodiments, the cutting device
104 is configured for movement along the span-wise axis
43. For example, as discussed above, the guide rail(s)
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130 of the second guide 112 may in some embodiments
extend along the span-wise axis 43. The cutting device
104, which may be movable along the guide rail(s) 130,
may thus be movable along the span-wise axis 43.
[0035] The cutting device 104 may generally be any
suitable device for removing material from the one of the
pressure side 32 or suction side 34 on which the tool 100
is mounted. In some embodiments, for example, the cut-
ting device 104 may include a circular saw 140. The cir-
cular saw 140 may have a dado blade 142 or other suit-
able blade for removing material. In other embodiments,
the tool 100 may be a router or other suitable material
removal device.
[0036] To remove material from the one of the pressure
side 32 or suction side 34, the cutting device 104 may
be activated such that it is operable for device removal.
In general, the cutting device 104 may then be moved
along the guide rail(s) 130 to remove material at the scarf
angle 80. After such removal, the second guide 112 may
be moved along the first and second curved rails 120,
122, to reposition the cutting device 104 for further ma-
terial removal. The cutting device 104 may then be again
moved along the guide rail(s) 130 to remove material at
the scarf angle 80. Such movement of the cutting device
104 and second guide 112 may be repeated as neces-
sary until all required material is removed, forming a joint
face 82.
[0037] The present disclosure is further directed to
methods for scarfing rotor blade segments 20. A method
according to the present disclosure may include, for ex-
ample, moving a cutting device 104 on a frame 102 along
a chord-wise axis 45 of a rotor blade segment 34. Move-
ment along the chord-wise axis 45 may occurs generally
along a curvature of the one of the pressure side 32 or
the suction side 34 of the rotor blade segment 34. A meth-
od may further include, for example, moving the cutting
device 104 on the frame 102 along a span-wise axis 43
of the rotor blade segment 34 at a scarf angle 80. A meth-
od according to the present disclosure may further in-
clude, for example, operating the cutting device 104 to
remove material from the one of the pressure side 32 or
the suction side 34.
[0038] Additionally, in some embodiments a method
may include, for example, providing a rotor blade seg-
ment 20 and providing a tool 100 on one of the pressure
side 32 or the suction side 34 of the rotor blade segment
34. The tool 100 may, for example, include a cutting de-
vice 104 and a frame 102, as discussed above. In some
exemplary embodiments, the cutting device 104 may be
movable on the frame 102 along a chord-wise axis 45
and a span-wise axis 43. Further, movement along the
chord-wise axis 45 may occur generally along a curvature
of the one of the pressure side 32 or the suction side 34,
and/or movement along the span-wise axis 43 may occur
at the scarf angle 80.
[0039] In exemplary embodiments, operating the cut-
ting device 104 may include, for example, activating the
cutting device 104, moving the active cutting device along

the guide rail(s) 130 and/or span-wise axis 43 to remove
material from the one of the pressure side 32 or the suc-
tion side 34, and moving the cutting device 104 along the
first and second curved rails 120, 122 and/or chord-wise
axis 45. Such movements may be repeated as desired
to remove material, as necessary, to form a joint face 82.
[0040] This written description uses examples to dis-
close the invention, including the preferred mode, and
also to enable any person skilled in the art to practice the
invention, including making and using any devices or sys-
tems and performing any incorporated methods. The pat-
entable scope of the invention is defined by the claims,
and may include other examples that occur to those
skilled in the art. Such other examples are intended to
be within the scope of the claims if they include structural
elements that do not differ from the literal language of
the claims, or if they include equivalent structural ele-
ments with insubstantial differences from the literal lan-
guages of the claims.
[0041] Various aspects and embodiments of the
present invention are defined by the following numbered
clauses:

1. A tool for scarfing a rotor blade segment, the rotor
blade segment comprising a pressure side, a suction
side, a leading edge, and a trailing edge each ex-
tending between a first end and a second end, the
tool comprising:

a first guide configured for mounting on one of
the pressure side or the suction side, the first
guide comprising a first curved rail and a second
curved rail spaced from the first curved rail, the
first curved rail and the second curved rail each
having a curvature that generally corresponds
to a curvature of the one of the pressure side or
the suction side;

a second guide movably coupled to the first
guide at a scarf angle, the second guide com-
prising a guide rail extending between and mov-
able along the first curved rail and the second
curved rail; and

a cutting device movably coupled to the second
guide, the cutting device movable along the
guide rail and operable to remove material from
the one of the pressure side or the suction side.

2. The tool of clause 1, wherein the first curved rail
and the second curved rail are generally parallel, and
wherein the guide rail is generally transverse to the
first curved rail and the second curved rail.

3. The tool of any preceding clause, wherein the first
curved rail and the second curved rail are configured
for orienting along a chord-wise axis of the rotor
blade segment.
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4. The tool of any preceding clause, wherein the sec-
ond guide is configured for movement along a chord-
wise axis of the rotor blade segment.

5. The tool of any preceding clause, wherein the cut-
ting device is configured for movement along a span-
wise axis of the rotor blade segment.

6. The tool of any preceding clause, wherein the first
guide is configured for generally stationary mounting
on the one of the pressure side or the suction side.

7. The tool of any preceding clause, wherein the first
guide is configured for mounting on an outer surface
of the pressure side.

8. The tool of any preceding clause, wherein the first
guide is configured for mounting on an inner surface
of the suction side.

9. The tool of any preceding clause, wherein the rotor
blade further comprises a spar cap coupled to the
one of the pressure side or the suction side, and
wherein the first guide is positioned such that the
cutting device is operable to remove material from a
portion of the one of the pressure side or the suction
side that is coupled to the spar cap.

10. The tool of any preceding clause, wherein the
scarf angle is between approximately 1 degree and
approximately 5 degrees.

11. The tool of any preceding clause, wherein the
cutting device comprises a dado blade.

12. A method for scarfing a rotor blade segment, the
method comprising:

moving a cutting device on a frame along a
chord-wise axis of a rotor blade segment, the
rotor blade segment comprising a pressure side,
a suction side, a leading edge, and a trailing
edge each extending between a first end and a
second end, wherein movement along the
chord-wise axis occurs generally along a curva-
ture of the one of the pressure side or the suction
side;

moving the cutting device on the frame along a
span-wise axis of the rotor blade segment at a
scarf angle; and

operating the cutting device during movement
along the span-wise axis to remove material
from the one of the pressure side or the suction
side.

13. The method of any preceding clause, wherein

the frame comprises:

a first guide mounted on the one of the pressure
side or the suction side, the first guide compris-
ing a first curved rail and a second curved rail
spaced from the first curved rail, the first curved
rail and the second curved rail each having a
curvature that generally corresponds to a cur-
vature of the one of the pressure side or the suc-
tion side; and

a second guide movably coupled to the first
guide at the scarf angle, the second guide com-
prising a guide rail extending between and mov-
able along the first curved rail and the second
curved rail.

14. The method of any preceding clause, wherein
the cutting device is movable along the guide rail.

15. The method of any preceding clause, wherein
the second guide is movable along a chord-wise axis
of the rotor blade segment.

16. The method of any preceding clause, wherein
the tool is mounted on an outer surface of the pres-
sure side.

17. The method of any preceding clause, wherein
the tool is mounted on an inner surface of the suction
side.

18. The method of any preceding clause, wherein
the operating step comprises:

activating the cutting device;

moving the active cutting device along the span-
wise axis to remove material from the one of the
pressure side or the suction side; and

moving the cutting device along the chord-wise
axis.

Claims

1. A tool (100) for scarfing a rotor blade segment (20),
the rotor blade segment (20) comprising a pressure
side (32), a suction side (34), a leading edge (36),
and a trailing edge (38) each extending between a
first end and a second end, the tool (100) comprising:

a first guide (110) configured for mounting on
one of the pressure side (32) or the suction side
(34), the first guide (110) comprising a first
curved rail (120) and a second curved rail (122)
spaced from the first curved rail (120), the first

11 12 



EP 2 778 390 A2

8

5

10

15

20

25

30

35

40

45

50

55

curved rail (120) and the second curved rail
(122) each having a curvature that generally cor-
responds to a curvature of the one of the pres-
sure side (32) or the suction slide (34);
a second guide (112) movably coupled to the
first guide (110) at a scarf angle (80), the second
guide (112) comprising a guide rail (130) extend-
ing between and movable along the first curved
rail (120) and the second curved rail (122); and
a cutting device (104) movably coupled to the
second guide (112), the cutting device (104)
movable along the guide rail (130) and operable
to remove material from the one of the pressure
side (32) or the suction side (34).

2. The tool (100) of claim 1, wherein the first curved rail
(120) and the second curved rail (122) are generally
parallel, and wherein the guide rail (130) is generally
transverse to the first curved rail (120) and the sec-
ond curved rail (122).

3. The tool (100) of any preceding claim, wherein the
first curved rail (120) and the second curved rail (122)
are configured for orienting along a chord-wise axis
of the rotor blade segment (20).

4. The tool (100) of any preceding claim, wherein the
second guide (112) is configured for movement
along a chord-wise axis of the rotor blade segment
(20).

5. The tool (100) of any preceding claim, wherein the
cutting device (104) is configured for movement
along a span-wise axis of the rotor blade segment
(20).

6. The tool (100) of any preceding claim, wherein the
first guide (110) is configured for generally stationary
mounting on the one of the pressure side (32) or the
suction side (34).

7. The tool (100) of any preceding claim, wherein the
first guide (110) is configured for mounting on an
outer surface (72) of the pressure side (32).

8. The tool (100) of any preceding claim, wherein the
first guide (110) is configured for mounting on an
inner surface (70) of the suction side (34).

9. The tool (100) of any preceding claim, wherein the
rotor blade further comprises a spar cap (74) coupled
to the one of the pressure side (32) or the suction
side (34), and wherein the first guide (110) is posi-
tioned such that the cutting device is operable to re-
move material from a portion of the one of the pres-
sure side or the suction side that is coupled to the
spar cap (74).

10. The tool (100) of any preceding claim, wherein the
scarf angle (80) is between approximately 1 degree
and approximately 5 degrees.

11. The tool (100) of any preceding claim, wherein the
cutting device (104) comprises a dado blade (142).

12. A method for scarfing a rotor blade segment (20),
the method comprising:

moving a cutting device (104) on a frame (102)
along a chord-wise axis of a rotor blade seg-
ment, the rotor blade segment comprising a
pressure side (32), a suction side (34), a leading
edge (36), and a trailing edge (38) each extend-
ing between a first end and a second end, where-
in movement along the chord-wise axis occurs
generally along a curvature of the one of the
pressure side (32) or the suction side (34);
moving the cutting device (104) on the frame
along a span-wise axis of the rotor blade seg-
ment at a scarf angle (80); and
operating the cutting device (104) during move-
ment along the span-wise axis to remove mate-
rial from the one of the pressure side (32) or the
suction side (34).

13. The method of claim 12, wherein the frame (102)
comprises:

a first guide (110) mounted on the one of the
pressure side or the suction side, the first guide
comprising a first curved rail (120) and a second
curved rail (122) spaced from the first curved
rail, the first curved rail and the second curved
rail each having a curvature that generally cor-
responds to a curvature of the one of the pres-
sure side or the suction side; and
a second guide (112) movably coupled to the
first guide (110) at the scarf angle (80), the sec-
ond guide (112) comprising a guide rail (130)
extending between and movable along the first
curved rail (120) and the second curved rail
(122).

14. The method of claim 13, wherein the cutting device
(104) is movable along the guide rail (130).

15. The method of claim 13 or claim 14, wherein the
second guide (112) is movable along a chord-wise
axis of the rotor blade segment (46).
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